The history of the growth of our knowledge of renal function in adrenal deficiency reflects in miniature the recent history of renal physiology. Gaillard in 1914 noted that renal failure and a high blood urea occurred in this condition. Marshall and Davis (1916) showed that injected urea and creatinine were excreted more slowly than normal while Bevier and Shevky (1919) showed that the Addis excretion ratio for urea-what we should now call the urea clearance, measured over an hour-was diminished. In 1933 Loeb et al. showed that there was an increased loss of sodium in the urine after adrenalectomy and in 1936 Harrop et al. demonstrated the reduced potassium excretion. Both these workers rejected Swingle's suggestion (Swingle et al., 1933) that the urea retention was due to fluid loss, low plasma volume and low blood pressure, because it often occurred at a time when the urine flow was above normal-in Harrop's words, it was not due to a reduction of the water available for urea excretion. Others believed that the retention of urea maintained fluid osmotic pressure after salt loss-a variant of the old French concept of urnmia from lack of salt. This confusion could not be resolved until modem methods of studying renal function could be applied. In 1938 Margitay-Becht and Gomori, using the creatinine clearance, showed that glomerular filtration was low in adrenal insufficiency, and in 1942 Talbott et al. published the first complete study of renal function in Addison's disease, using inulin and diodrast. Glomerular filtration rate, renal blood flow and filtration fraction were all low, and were only partially and temporarily restored by salt, desoxycorticosterone acetate or cortical extracts. These findings were confirmed by Waterhouse and Keutmann (1948), and by Sanderson (1948) in this country. The low urea clearance, of course, results from the low filtration rate. The low renal blood flow and filtration rate are evidently partly the result of the reduced blood pressure, blood volume and cardiac output, but there appear to be unexplained changes in glomerular arteriolar tone as well.
concentration differences between urine and plasma with respect to certain ions. Studying adrenalectomized dogs, Roemmelt, Sartorius and Pitts (1949) found that these anomalies were not due to inability of the tubules to perform the necessary osmotic work to dilute or concentrate the urine. When hypertonic saline is infused into normal dogs an osmotic diuresis results: the urine flow rises and the sodium is rapidly removed at a concentration closer to the plasma level than before, so that tubular osmotic work approaches zero. In the adrenalectomized afiimal, the concentration remains well above plasma level and much more osmotic work is done. These workers believe that there is a specific tubular defect imposed by the hormonal imbalance.
Just as the tubules cannot respond to the demands made on them for sodium retention or excretion, they cannot respond to demands for variations in water reabsorption. Urine volume is not reduced to normal levels at night or in dehydration and is not adequately increased in response to a water load. When a normal person drinks a litre of water, blood dilution leads to cessation of the activity of the neurohypophysis, removal of the circulating antidiuretic hormone, decreased tubular water reabsorption and so to a rise in the rate of urine flow. At the same time the urinary chloride concentration and specific gravity fall. Usually the urine flow rises to a peak rate above 10 c.c./minute and, once the diuresis has begun after a delay of about thirty minutes, more than half the water is excreted in the next hour.
In adrenal deficiency this response is reduced or absent, there is less dilution of the urinary chlorides and the water is excreted much more slowly. There has been some confusion about the meaning of the term "delayed diuresis". Obviously the water must be eliminated eventually or water intoxication will occur sooner or later, and the Addisonian passes more urine at night anyway. In this sense the excretion is delayed, but we have not seen anything corresponding to the diuretic response, defined above, occurring after a much longer interval than normal.
In panhypopituitarism, all these deficiencies found in Addison's disease also occur, but the position is complicated by the absence of growth hormone. White, Heinbecker and Rolf (1949) have shown that daily injections of growth hormone will double the filtration rate and renal blood-flow of normal dogs and restore these functions after hypophysectomy, though the absence of these effects after adrenalectomy raises the suspicion that some contamination by ACTH may have been partly responsible. Recently Ingbar et al. (1950) have shown that large doses of ACTH will increase the filtration rate and renal blood flow of normal men.
Thorn and his group, of which Dr. Slessor was a member, showed in 1950 that the diuretic response could be restored by cortisone. Dr. Chalmers and I working on the Medical Unit at Middlesex Hospital have shown that in hypopituitarism ACTH will restore this response (Chalmers and Lewis, 1951) . We have also had good results with cortisone. Fig. 1 shows the percentage of a litre of ingested water excreted 30 to 90 minutes later , by our 6 cases before and after 50 * ACTH or cortisone.
Cases 1 and 2 were men with chromophobe adenomas. Judging by the euphoria and reduced eosinophil count, all the first 5 patients had a satisfactory response to a total of 200-250 mg. ACTH given in six-hourly doses. Fig 2 shows the actual diuretic responses before and after the course of ACTH, in the most severe case. The Pitressin contamination of Armour ACTH often leads to the retention of a lot of water: some hours after the last injection the patient may begin to pass large volumes of dilute urine and lose weight. This itself shows that the kidney can now excrete water normally, but it is not a diuretic response as we have defined it, so the test is repeated the next day. Two or three days later the response can no longer be obtained. However, much of the subjective improvement seems to last for many months-our patients have staunchly maintained that they have never gone back to their original state. Dr. Dudlev Hart (1951) has also reported this after short courses-of ACTH in bypopituitarism.
The possible causes that have been suggested for the failure of the diuretic response may be summarized as follows:
(a) Delayed absorption of water from the gut. (f) Inherent tubular abnormality.
(a) The first can be certainly ruled out clinically: no diuresis occurs after intravenous water, and we have shown that there is a normal plasma dilution when the patients drink a litre.
(b) Baldes and Smirk (1934) showed that there was a reduced diuretic response to water in saltdeficient states. However, this cannot be the cause in our cases, for the plasma sodium was not low in our cases of hypopituitarism, and the diuretic response is not restored by large quantities of salt or DOCA.
(c) Fig. 3 compares the effects of ACTH on water diuresis and glomerular filtration. It will be seen that there is no relationship between them. In only one case has the filtration rate risen to normal, while in three it has hardly risen at all, yet in only one does the excretion of water fall far short of normal after treatment. (In Case I the urea clearances were measured.) (d) The theory of increased antidiuretic hormone (ADH) activity is a very interesting one. As long ago as 1918 Addis believed that normal renal water excretion depended on a pituitrin-adrenaline equilibrium, and Silvette and Britton later suggested (1938) that it depended on a pituitrinadrenocortical balance. This hypothesis has been greatly elaborated by Gaunt 
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Proceedings of the Royal Society of Medicine 4 (1949) . It was believed that ADH reduced tubular sodiun; and chloride reabsorption but Chalmers, Pawan and I (1951) have shown that this is not true in man, and O'Connor (1948) has done so in the dog. Consequently the overactivity of ADH cannot be blamed for the anomalies of sodium excretion, even if it were responsible for the absence of the water diuresis. If delayed destruction of the hormone or increased tubular responsiveness were the cause of this, we should expect the diuretic response to occur after a longer interval than normal, but to be otherwise much the same with regard to volume and fall of chloride concentration and specific gravity. We have never observed this. Reforzo-Membrives's figures do not show it. Moreover we have tested the responses of our cases to small intravenous doses of Pitressin before and after treatment. Fig. 4 shows the duration of the responses to 5 milli-units in our case of Addison's disease before and after cortisone. We have used the urinary concentration of chloride as an index of the response because of the difficulties of measuring the very small volumes accurately-the latter are, of course, the reciprocal of the former. Though we have not ruled out the possibility that the osmoreceptors are faulty and that ADH is still produced after normal blood dilution, we believe that the action of ADH in these cases is in all respects normal.
(e) Dr. Slessor (1951) has published a good deal of work in connexion with this point. I will only refer to it briefly. My criticisms are directed against attaching any significance to the presence of serum antidiuretic substances rather than against any particular experimental results.
Gaunt and his associates (1949) have shown that there is a substance in rat's serum which is antidiuretic on injection into other rats. Lloyd and Lobotsky (1950) showed that human serum contains an antidiuretic substance, the titre sometimes being equivalent to as much as 5 mU. of Pitressin per c.c. when assayed on hydrated rats. They claimed that the titre was increased in Addison's disease. They give few actual figures, however. Fig. 4 showed the response of a case to 5 mU. of intravenous Pitressin. We really cannot believe that every c.c. of her blood contained that quantity. When assayed by Lloyd's technique, serum from Case 4 contained none at all, and this was the patient with no diuretic response whatever. On the other hand, serum taken from our first case, just before he drank a litre of water, was strongly antidiuretic, yet he went on to give an almost normal response, after a normal interval, on this occasion. We suggest that no significance can be attached to the presence of this substance.
(f) We are therefore left with the conception of renal tubules in adrenal deficiency which are inherently incapable of those exquisitely flexible responses which finally maintain the water balance of the normal organism.
It is possible that the osmoreceptors controlling the release of antidiuretic hormone are similarly defective and we are now working to decide this point. Be that as it may, we are surS, that cortisone will largely restore the flexibility of the tubular response to water, and do so quickly. Stimulation of the adrenal cortex to produce steroids of this type is clearly equally effective in hypopituitarism. Dr. A. Slessor (Materia Medica Department, The UJniversity, Glasgow): It is my main purpose to present some observations on the antidiuretic (AD) activity of the blood and urine in relation to the problem of faulty water diuresis found in patients with adrenal insufficiency. By doing so I do not imply that other factors are not concerned, such as rate of absorption from the gut and glomerular filtration.
My interest in the phenomenon from the point of view of an antidiuretic factor being involved began in 1946 when we had in the wards two men with hypopituitarism. Each patient presented the typical clinical and biochemical features of chronic lack of the anterior lobe hormones. They differed, however, in one important respect-their excretion of water. One failed to conserve water; the other failed to excrete ingested water promptly. Patient A. L. had developed diabetes insipidus quite suddenly three months before his admission to hospital and fourteen years after his first symptoms of anterior hypopituitarism. The other patient, D. W., who had a similar duration of anterior hypopituitarism failed to have a prompt diuresis when the Kepler water test was applied. In the patient with the diabetes insipidus it was reasonable to assume that neurohypophyseal function had been substantially reduced by an extension of the lesion which had already destroyed the anterior lobe. The other patient presented the expected phenomenon of failure to excrete promptly a large water load-a feature which theoretically could be brought about by an excessive activity of the neurohypophysis. The question was thus posed: did the destruction of the posterior lobe in patient A. L. remove the factor responsible for the absence of water diuresis usually seen in such cases? If this were so it might be possible to demonstrate an increased titre of AD substance in the blood of adrenal deficient patients who showed water retention.
A pilot experiment was thus carried out in collaboration with Dr. J. D. P. Graham. In rabbits undergoing a saline-induced diuresis, plasma from heparinized fasting blQod from the hypopituitary patient (D. W.), who showed a positive water test, was markedly antidiuretic. Plasma from the patient with hypopituitarism and diabetes insipidus (A. L.) and from a normal person showed no significant AD activity (Slessor, 1951a) . ln a third case of hypopituitarism, who also showed the phenomenon of temporary water retention, AD activity of the fasting plasma was also demonstrated.
While in America I had the opportunity of making similar observations in patients with Addison's disease (Slessor, 1951b) . The test animal used was the rat and the method of assay was Birnie's modification (1949) of Burn's method (1931) . The test material was serum of fasting blood taken after fourteen hours without food or fluid. 7 Addisonian subjects and 7 normal persons constituted the clinical material. In Birnie's method the percentage excretion of the water load at 90 minutes was taken as a measure of the antidiuretic activity of the serum injected. For normal subjects the mean value at 90 rrnutes was 55*0 ± 1 60; for the patients with Addison's disease 37'03 + 5'96; for saline controls 68-79 ± 2-35. The differences between the means are statistically significant. It thus seems that there is present in the fasting blood of patients with adrenal insufficiency (both primary and secondary to hypopituitarism) an increased titre of an antidiuretic substance. It seems very probable that this factor plays a part-perhaps an important part-in determining the failure of water diuresis seen in these patients.
Before the method of Birnie et al. became available, one had embarked on urinary AD assays. Two observations suggested they might be worth while. First, in patients with adrenal insufficiency the degree of dilution of the plasma electrolytes following the standard dose of water in the Kepler test was of the same order as that obtainied in normal persons (Slessor, 1951b) . When dilution of the plasma electrolytes occurs, according to Verney the posterior lobe ceases to secrete the antidiuretic hormone. In healthy people, diuresis ensues; but in patients with adrenal insufficiency, although dilution of plasma electrolytes of degree equal to normal occurs, no diuresis ensues. Was the failure of prompt diuresis associated with measurable AD activity of the urine passed during the phase of hydrxmia? The second observation was this: in most but not in all patients, a late phase of at least partial diuresis did occur after water loading. Was this late phase of diuresis associated with a reduction in AD activity of the urine? The answer to these questions was sought using the method of assay of Ham and Landis (1942). In the 3 patients so investigated AD activity was not found in the urine passed during the late phase of diuresis; while measurable activity was found in the urine passed in the four hours of the water test (Slessor, 1951b) . Absence of diuresis is thus associated with AD activity in the urine; the later diuresis with no AD activity.
In summary, in the untreated patient with adrenal insufficiency there is an increased titre of AD substance in the fasting blood. A water load while producing a hydremia fails to induce a coeval diuresis. The urine passed during the phase of hydremia has a measurable AD activity. The urine passed in the phase of late diuresis contains no AD activity. The conclusion is that some process or processes concerned with water diuresis are slow in adrenal insufficiency; one such process is the renmoval of an AD substance.
We had assumed from the beginning of the study that the AD substance was of neurohypophyseal origin but the amount found in the blood gave rise to some misgiving. The quantity in serum is of the order of 1 mU. per ml. The equivalent of 2 to 3 units in terms of posterior pituitary extract would thus be circulating in the blood. This high quantity makes one wary of accepting its posterior pituitary origin without other evidence, but in itself is not a strong negative point. There is the possibility that the AD material is an artefact formed during blood coagulation such as Dicker (1950) found in the serum of rats showing starvation cedema. In our early studies, however, heparinized plasma, not serum, was used, and this was shown to possess AD activity. A rlore serious criticism comes from Dr. A. A. G. Lewis who has found that the amount of AD substance present in the blood of a patient bears no relation to the degree of impairment of water diuresis existing in that patient. We have not done, as yet, any studies of this kind. There is a distinct variability in the water test, as well as other tests, in some patients with partial hypopituitarism: on some days near normal results are obtained; on others classical absence of diuresis occurs. Perhaps there is a corresponding variability in AD titre of the serum.
If the AD substance is not identical with the antidiuretic hormone there is evidence that the neurohypophysis is concerned in some way with its elaboration. Gaunt et al. (1949) have shown that total hypophysectomy abolishes the increased AD activity found in the serum of adrenalectomized rats. Further, patients with anterior hypopituitarism are able to develop diabetes insipidus, and in one such patient whose blood was tested for AD activity, none was found. Thus the indications are strong but not yet conclusive for a posterior pituitary origin for the AD substance. If one accepts for the time being that the AD substance is of neurohypophyseal origin, the increased quantity in the blood must either be due to (a) increased production, and/or (b) diminished inactivation in the tissues. From our own studies we have no direct evidence against increased production. Gersh and Grollman (1939), however, could find no histological evidence of increased production in the posterior lobe of adrenalectomized animals-such as is found in dehydrated animals. On the other hand, some of our observations suggest that delayed inactivation of the ADH may be at least partly responsible for the increased titre in the blood. When hydremia has been produced by a water load in adrenal deficient patients there is no prompt diuresis and the urinary AD activity during hydremia is high. This could be interpreted as a failure of inhibition of the posterior pituitary secretion by dilution of the plasma electrolytes. But a phase of diuresis does occur later, and in the urine passed then, no AD substance can be detected. Inhibition of posterior lobe secretion would thus be taking place several hours after maximal hydremia had passed. This seems unlikely. The time relations of diuresis to the ingestion of water would indicate that some processes are slow in adrenal insufficiency, and we suggest that inactivation of the circulating AD hormone is one of the processes which is delayed. Some confirmation of this idea comes from Gaunt's laboratory where it has been shown that liver slices from adrenalectomized rats inactivate added Pitressin more slowly than does the liver tissue of normal rats. Gaunt et al. (1949) have also shown in adrenalectomized rats, and Lockett (1951) in adrenalectomized dogs, that there is an increased sensitivity to injected Pitressin-a sensitivity which could be explained on the basis of slow inactivation by the tissues of the AD hormone.
EFFECTS OF CORTISONE AND ACTH
The effect of injected cortisone on the water test has been observed in 2 patients with Addison's disease and 1 patient with hypopituitarism. ACTH has been used in 2 patients with hypopituitarism. Before treatment all patients showed failure of prompt diuresis after water; during therapy all patients showed a normal type of water diuresis.
In Fig. I is presented the result of a study in one of these patients, a woman with post-partum necrosis of the anterior pituitary. When water is given the diuresis is not prompt but occurs six to eight hours after the water load. The maximum fall in serum electrolytes takes place at the end of the second hour. Assay of the fasting serum reveals definite antidiuretic activity; assay of the serum taken at the end of the second hour-when the serum electrolytes are most diluted and when one would expect the posterior pituitary to have cut down its secretion substantially-still reveals considerable AD activity.
When 100 mg. of cortisone is given twelve hours before and another 100 mg. four hours before the test, the diuretic response to water is prompt. The level of the serum electrolytes falls maximally at the end of the first hour indicating an increased speed of absorption from the gut. Assay of the fasting serum shows no demonstrable AD activity. Nor was any significant activity shown in the serum taken when the dilution of the blood electrolytes was maximal.
Cortisone restores to normal the time of water diuresis and removes the increased AD activity of the serum. Leaving aside the improvement in absorption from the gut and the increased glomerular filtration-both of which are contributory to the restoration of normal diuresis-I should like to discuss in more detail the relation of cortisone to AD activity of the blood.
Cortisone is not diuretic by virtue of increased excretion of electrolytes; it is not diuretic unless water is given (Oleesky and Stanbury, 1951) . It thus plays some part in restoring to normal the neurohypophyseal response to dilution of the blood electrolytes. It could do so by removing an as yet uncharacterized AD substance from thE blood and allowing the normal mechanism of water diuresis to occur. It could also act by correcting some fault in the neurohypophyseal control of water.
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In health two events must take place before water diuresis occurs: (1) secretion of the AD hormone diminishes or ceases; (2) AD hormone in the blood is quickly inactivated. Cortisone in restoring water diuresis to normal may act on one or both of these mechanisms. It may make hydrnmia effective in reducing posterior lobe secretion or it may increase the rate of inactivation of the hormone in the tissues. At this point one must again refer to the later diuresis seen in the majority of patients with untreated adrenal insufficiency. As indicated before some process or processes concerned with water diuresis are slow when there is a lack of adrenal hormones. The speculation is made that one process involved is the removal of the AD hormone from the blood. In health this is known to be rapid. If, in adrenal insufficiency, it were slow it would permit accumulation of ADH in the blood and would explain the longer time necessary for inhibition of the posterior lobe to be manifest as a water EFFECT 1. -Kepler water test in a female patient, aged 44, with hypopituitarism. No. 1 shows delayed diuresis, slow dilution of serum electrolytes (total serum base) and AD activity of the fasting serum and of the serum taken two hours after water ingestion. No. 2 illustrates the effect of cortisone in producing a prompt diuresis, rapid fall in serum base and a disappearance of AD activity of the serum. C = response in control animals injected with normal saline. S = response in animals injected with patient's serum.
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diuresis. Cortisone (1) reduces the quantity of AD hormone in the fasting blood, and (2) causes a prompt diuresis from a water load. Both these could be accounted for in terms of an increased rate of removal of ADH from the blood. A prompt diuresis is made possible by (a) hydremia causing a reduction in output of ADH, and (b) cortisone hastening the destruction of circulating ADH to the normal rapid rate.
Studying 5 patients with Addison's disease and 4 with panhypopituitarism, we found that the most obvious defect in renal function, failure of diuretic response to ingested water due to excessive tubular reabsorption, was present in each instance. Nor was this failure altered by adequate therapeutic control with desoxycorticosterone acetate, testosterone or thyroxine. In each patient the diuretic response to ingested water was restored by cortisone, confirming Thorn's earlier observation (1951) . By injection, at least 100 mg. cortisone was required, the effect being evident twelve hours or more after the injection. Orally, 50 mg. had a similar though more short-lived effect, which became evident within three hours of ingestion of cortisone.
Glomerular filtration rate (GFR) and renal plasma flow (RPF) were found to be less than 50% of normal in 3 patients. Cortisone in the doses used raised both GFR and RPF, but not to normal levels. It is unlikely that this lowered GFR is the major factor in the failure of diuretic response to ingested water. Evidence was obtained that endogenous creatinine output varies with urine flow at all rates in the patients not receiving cortisone, suggesting that GFR is unduly labile in adrenal insufficiency.
The excessive tubular reabsorption may be in part due to excess antidiuretic hormone (ADH) activity, but is probably mainly due to renal tubular dysfunction which is restored by cortisone.
All patients gave evidence of abnormal renal tubular function after water ingestion when urine flow, urinary specific gravity and concentration of solutes varied very little for several hours, following which a delayed and partial diuresis occurred, with increased rate of urine flow, a fall in urinary specific gravity and concentration of solutes, probably due to release of ADH activity. The range of variation of these factors was restricted in every patient before cortisone was given, suggesting generally defective tubular function. Under the influence of cortisone normal prompt diuretic response occurred, with wide variations in rate of urine flow and urinary specific gravity. Thus cortisone restores renal tubular function to normal. Further evidence of the direct effect on renal tubular function was obtained in one patient in whom both the pituitary gland and hypothalamus were destroyed: an injection of 100 mg. cortisone produced a state of diabetes insipidus which lasted thirty-six hours, i.e. in the absence of cortisone diabetes insipidus was masked by renal tubular dysfunction. 
